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,QWURGXFWLRQ
6SODYDUVNDEUYQDPHG5DIWLQJ)RRWEULGJHDIWHUWLPEHUUDIWVPHQRQWKH6DYLQMD5LYHULVORFDWHGLQWKHWRZQRI
&HOMH6ORYHQLD,WFURVVHVWKH6DYLQMD5LYHUDQGFRQQHFWVWKHROGWRZQRI&HOMHZLWKWKH&LW\3DUN7KHULYHULVSDUW
RI WKH 'DQXEH ULYHU V\VWHP DQG LW LV D WULEXWDU\ RI WKH 5LYHU 6DYD ZKLFK GLVFKDUJHV LQWR WKH 'DQXEH 5LYHU LQ
%HOJUDGH7KH6DYLQMDLVDFKDUDFWHULVWLFDOO\WRUUHQWLDOULYHUZLWKKLJKDPSOLWXGHRIGLVFKDUJHDQGLVDPDMRUIORRG
KD]DUGLQWKHORZHU6DYLQMD9DOOH\7KHROGFRQFUHWHIRRWEULGJHKDGWZRVXSSRUWVLQWKHULYHUEHGDQGWKHORZKHLJKW
RIWKHGHFNRYHUWKHULYHUEHG7KLVFDXVHGGDPPLQJRIWKHULYHUIORZGXULQJKLJKZDWHUHYHQWV
 
)LJDROGIRRWEULGJHGXULQJKLJKZDWHUHYHQWFLUFD4EQHZIRRWEULGJH
,QWKH0LQLVWU\RIWKH(QYLURQPHQWDQG6SDWLDO3ODQQLQJEHJDQDFRQVWUXFWLRQSURMHFWWRHQVXUHIORRGVDIHW\
LQWKHFDWFKPHQWDUHDRIWKH6DYLQMD5LYHU7KHSURMHFWLVFRIXQGHGE\WKH(XURSHDQ&RKHVLRQ)XQGDQGWKHVWDWHRI
6ORYHQLD2QHRIWKHSODQQHGIORRGSUHYHQWLRQPHDVXUHVLQ&HOMHZDVUHSODFHPHQWRIWKHROGIRRWEULGJHZLWKDQHZ
RQH$FFRUGLQJWRWKHGHVLJQUHTXLUHPHQWVWKHQHZIRRWEULGJHGRHVQRWKDYHVXSSRUWVLQWKHULYHUEHGDQGKDVWKH
ERWWRPOLQHRIWKHGHFNDWOHDVWPDERYHWKHKLJKZDWHUOHYHOZLWKUHWXUQSHULRGRI\HDUV4,QDGGLWLRQ
LWFURVVHVWKHORFDOURDGUXQQLQJDORQJWKHULJKWULYHUEDQNEHWZHHQWKHULYHUDQGWKHSDUNDVDQRYHUSDVVWRHQVXUH
SHGHVWULDQVDIHW\7KHGHFNKDVDORQJLWXGLQDOLQFOLQHRIQRPRUHWKDQWRHQDEOHDFFHVVIRUWKHPRELOLW\LPSDLUHG
1.1. Architectural concept 
7KHQHZIRRWEULGJH³6SODYDUVNDEUY´LVVHWLQWKHHQYLURQPHQWUXOHGE\FRQWH[WRIOLPLWDWLRQVZKLFKGHPDQGHGD
FOHDUDUFKLWHFWXUDOUHVSRQVH7KHORFDWLRQRQWKHVRXWKHGJHRI&HOMHKLVWRULFDOFLW\FHQWHULVPRVWO\GHILQHGE\WKH
6DYLQMD 5LYHU 7KH ZLGWK RI WKH ULYHU GLFWDWHG WKH OHQJWK RI WKH PDLQ VSDQ ZKLOH WKH KHLJKW RI WKH EULGJH ZDV
FRQGLWLRQHGE\WKHIORRGZDWHUOHYHOFOHDUDQFH$SRSXODUSXEOLFSHGHVWULDQSURPHQDGHLVORFDWHGRQWKHOHIWULYHU
EDQN7KH&LW\3DUNSURWHFWHGDVODQGVFDSHKHULWDJHLVRQWKHULJKWVLGHRIWKHULYHUVHSDUDWHGIURPLWE\WKHORFDO
URDG ± 3DUWL]DQVND FHVWD 7KH ZKROH VLWH LV SDUW RI DQ H[WHQVLYH DUFKHRORJLFDO DUHD +LVWRULFDO EXLOGLQJV DQG
PRQXPHQWVGHILQHDYLVXDOO\SOHDVDQWFLW\VFDSHZKLFKFDQEHREVHUYHGIURPWKHVLWH
7KHWHDPRIDUFKLWHFWV OHGE\SURIPDJ3HWHU*DEULMHOþLþUHVSRQGHGWRWKRVHOLPLWDWLRQVZLWKDOLJKWO\WHQVHG
VWHHO JLUGHU EULGJHZLWK D YDULDEOH FURVVVHFWLRQ 7KH FRQVWUXFWLRQZDV IRUPHG LQWR D VKDOORZ DUFZLWKPD[LPDO
WDQJHQWLDOLQFOLQDWLRQRISHUFHQWZKLFKFURVVHVWKHULYHULQDVLQJOHVSDQFRQWLQXHVRYHUWKHURDGDQGGHVFHQGVLQD
JHQWOHVORSH LQWR WKH&LW\3DUN'XH WR WKHUHPDUNDEOH OHQJWKRI WKLVGHVFHQWDVSLUDO ORRSZDV LQWURGXFHGRQ WKH
ULJKWEDQN7KHVSLUDOZKLFKHPEUDFHVDJURXSRIH[LVWLQJWUHHVH[HUWVPLQLPXPLPSDFWRQWKHH[LVWLQJYHJHWDWLRQ
SHGHVWULDQSDWKVDQGWKHVRLOLQWKHSDUN
7KHWUDSH]RLGDOFURVVVHFWLRQZLWKYDULDEOHKHLJKWZDVXVHGLQRUGHUWRIXOILOOWKHFRQVWUXFWLRQDOGHPDQGVDQGDW
WKHVDPHWLPHJDLQG\QDPLFDSSHDUDQFHRIWKHFRQVWUXFWLRQDVZHOODVUHVSRQGWRWKHYDULDEOHHQYLURQPHQWDOFRQWH[W
)URPWKHOHIWEDQNZKHUHWKHEULGJHPHHWVWKHSURPHQDGHWKHKHLJKWRIWKHFRQVWUXFWLRQULVHVIURPPWRZDUGV
PDW WKH DSH[SRLQW RI WKH EULGJH ,W JUDGXDOO\ EHFRPHV WKLQQHUXQWLO LWV PKLJK FRQVWUXFWLRQGHVFHQGV
WRZDUGVWKHULJKWEDQN
ED
126   Gregor Gruden et al. /  Procedia Engineering  156 ( 2016 )  124 – 131 
7KHVXSSRUWVRIWKHEULGJHFRQVWUXFWLRQRQWKHULJKWEDQNDUHORFDWHGRQERWKVLGHVRI3DUWL]DQVND6WUHHW7KH\DUH
LQWHJUDWHG LQWR WKH VXSSRUWLQJZDOOV RQ ERWK VLGHV RI WKH ORFDO URDG ZKLFKZDV GHYLDWHG EHORZ WKH VXUURXQGLQJ
WHUUDLQ 7KH OHQJWK RI WKH GHYLDWLRQ LV  P DQG LW VHFXUHV WKH FOHDUDQFH RI  P XQGHU WKH EULGJH 7KH
LQWHUPHGLDWHVXSSRUWVLQWKHSDUNDUHWKLQFROXPQVZLWKFLUFXODUFURVVVHFWLRQV7KHEULGJHGHFNLVSODFHGDERYHWKH
H[LVWLQJSHGHVWULDQSDWKLQWKHSDUNVHFXULQJWKHPLQLPXPFOHDUDQFHRIP7KHZLGWKRIWKHFRQFUHWHEULGJH
GHFN LV QRQYDULDEOH DQG VWDQGV DW P LQ WKHZKROH P OHQJWK RI WKH EULGJH7KH GHFN LV IHQFHGE\ D
WUDQVSDUHQW SDUDSHW PDGH RI WKLQ VWDLQOHVV VWHHO FDEOHV WHQVLRQHG RYHU LQZDUG LQFOLQHG SRVWV $ VHDPOHVV /('
OLJKWLQJLVLQVWDOOHGLQWKHKDQGOHRIWKHSDUDSHW
$OO VWUXFWXUDODQGQRQVWUXFWXUDO HOHPHQWVRI WKHEULGJHDSSHDU LQEULJKW FRORUV DQGDUHFKRVHQ WRHPSKDVL]HD
IRUP RI D FRQWLQXRXV ULEERQ XQLI\LQJ DOO DQVZHUV WR WKH OLPLWDWLRQV DQG WKH FRQWH[W LQWR D VLQJOH DUFKLWHFWXUDO
UHVSRQVH
5HLQIRUFHGFRQFUHWHVWUXFWXUHVURDGGHYLDWLRQDQGVWRUPVHZHUV\VWHP
$EXWPHQWVRQWKHOHIWDQGRQWKHULJKWEDQNVRIWKHULYHUZHUHGHVLJQHGWRVXSSRUWWKHEULGJHFRQVWUXFWLRQ7KH
VSLUDO UDPS LV VXSSRUWHG RQ FRQFUHWH SDG IRRWLQJVZKLFK VXSSRUW VWHHO FROXPQV DQG D ODUJHU UHLQIRUFHG FRQFUHWH
IRRWLQJDWWKHHQG

)LJGLVSRVLWLRQRIEULGJHIRXQGDWLRQVUHODWLYHWRWKHULYHU
2.1. Left bank foundations 
7KH DEXWPHQW RQ WKH OHIW EDQNRI WKH ULYHU FRQVLVWV RI DPDVVLYH UHLQIRUFHG FRQFUHWHEORFN VXSSRUWHGE\ ILYH
ERUHGSLOHV7KHGLPHQVLRQVRIWKHPDVVLYHUHLQIRUFHGFRQFUHWHEORFNDUHP[PLQSODQWKHWKLFNQHVVRI
WKHEORFNLVP7KHEULGJHFRQVWUXFWLRQLVIL[HGWRWKHFRQFUHWHEORFNZLWK0DQFKRUV7KHFRQFUHWHEORFNLV
VXSSRUWHG E\ ILYH SLOHV GXH WR WKH ODUJHPRPHQW LQWURGXFHG LQWR WKH IRXQGDWLRQ E\ WKH UHDFWLRQV RI WKH EHDULQJ
VWUXFWXUH7KHSLOHVDUHPLQOHQJWKDQGPLQGLDPHWHU7KH\DUHGULOOHGPLQWRWKHFRPSDFWOD\HURI
WKH VRLO 7KH IURQW WZR SLOHV DUH ORDGHG LQ FRPSUHVVLRQ WKH EDFN WKUHH SLOHV DUH ORDGHG LQ WHQVLRQ DQG SUHYHQW
RYHUWXUQLQJRIWKHIRXQGDWLRQ2QWRSWKHWHQVLRQSLOHVDUHFRQQHFWHGZLWKWKHUHLQIRUFHGFRQFUHWHJLUGHU7KHSLOHV
DQGWKHEORFNDUHPDGHRIFODVV&FRQFUHWHDQGUHLQIRUFHGZLWKULEEHGUHEDU6E
2.2. Right bank foundations, road deviation and storm sewer system 
7KHDEXWPHQWRQWKHULJKWEDQNRIWKHULYHUDOORZVWKHORFDOURDGWRSDVVXQGHUWKHEULGJHDQGLVIRRWHGRQDSODWH
W\SH IRXQGDWLRQ7KH DEXWPHQW RQ WKH ULJKW EDQN FRQVLVWV RI WZR UHFWDQJXODU UHLQIRUFHG FRQFUHWH FROXPQVZLWK D
YDULDEOH FURVVVHFWLRQ 7KH FURVVVHFWLRQ KDV D FRQVWDQWZLGWKRI PZLWK WKLFNQHVV RI WKH FROXPQV YDU\LQJ
EHWZHHQPRQWKHERWWRPDQGPRQ WRS7KHKHLJKWRI WKHFRQFUHWHFROXPQVLVP7KHQHDUZDWHU
127 Gregor Gruden et al. /  Procedia Engineering  156 ( 2016 )  124 – 131 
FROXPQILUVWFROXPQLVORDGHGLQFRPSUHVVLRQDQGWKHIDUZDWHUFROXPQVHFRQGFROXPQLQWHQVLRQ7KHGLVWDQFH
EHWZHHQFROXPQVDOORZVWKHORFDOURDGWRSDVVXQGHUWKHEULGJH7KHFROXPQVDUHVXSSRUWHGRQDSODWH[
PLQSODQDQGPLQWKLFNQHVV%RWKFROXPQVDQGWKHSODWHDUHPDGHRI&FODVVFRQFUHWHZLWK6EUHEDU
UHLQIRUFHPHQW
7KHGHYLDWLRQRIWKHHOHYDWLRQRIWKHURDGLVV\PPHWULFDORQHLWKHUVLGHRIWKHEULGJHD[LVZLWKDWRWDOOHQJWKRI
P7KH ORZHULQJRI WKHHOHYDWLRQ LVVXSSRUWHGE\D UHWDLQLQJVWUXFWXUHXSDQGGRZQVWUHDPRI WKH ULJKWEDQN
IRXQGDWLRQ7KHUHWDLQLQJVWUXFWXUHFRQVLVWVRIWZRUHLQIRUFHGFRQFUHWHUHWDLQLQJZDOOVRQHRQHDFKVLGHRIWKHURDG
DQG RI D UHLQIRUFHG FRQFUHWH SODWH FRQQHFWLQJ WKH ZDOOV 7KH UHWDLQLQJ VWUXFWXUH LV FRQVWUXFWHG RI & FODVV
FRQFUHWHZLWK6EUHEDUUHLQIRUFHPHQW
6WRUPZDWHU IURPWKH ORZHUHGURDGDUHDDQGSDUWRI WKHEULGJHGHFN LVFROOHFWHGE\DVWRUPVHZHUV\VWHPWKDW
GUDLQVLQWRWKHULYHUXQGHUWKHUHWDLQLQJVWUXFWXUH7KHVWRUPVHZHURSHUDWHVXQGHUWZRGLVWLQFWPRGHV7KHGHIDXOW
PRGHLVIUHHVXUIDFHIORZZKHQWKHULYHUVXUIDFHLVORZHUWKDQWKHVWRUPVHZHURXWOHW:KHQWKHULYHUVXUIDFHULVHV
DERYHWKHRXWOHWLQVWDOOHGSXPSVDXWRPDWLFDOO\WXUQRQDQGIRUFHWKHVWRUPZDWHUIURPWKHURDGXQGHUSUHVVXUHLQWR
WKHULYHU

)LJDOHIWEDQNIRXQGDWLRQSODQEOHIWEDQNIRXQGDWLRQFURVVVHFWLRQ
)RXUVKDOORZFRQFUHWHSDGIRRWLQJVDQGDFRQFUHWHIRRWLQJDWWKHHQGVXSSRUWWKHVSLUDOUDPS7KHGLPHQVLRQVRI
FRQFUHWHSDGIRRWLQJVDUHP[P[P7KHFRQFUHWHIRRWLQJDWWKHHQGRIWKHVSLUDOIROORZVWKHVKDSH
RIWKHVWHHOJLUGHULQSODQDQGZDVGHVLJQHGDVIL[HGVXSSRUWIRUWKHVSLUDOUDPS,WVSXUSRVHLVDOVRWRVHSDUDWHVWHHO
VWUXFWXUHIURPWKHJURXQGOHYHO)RXQGDWLRQVIRUVSLUDOUDPSDUHPDGHRI&FODVVFRQFUHWHZLWK6EUHEDU
UHLQIRUFHPHQW
2.3. Concrete slab 
7KHFURVVVHFWLRQRI WKHFRQFUHWH VODE LV FRQVWDQWRQ WKHHQWLUHEULGJHFRQVWUXFWLRQDQGXVHVXSSHUGHFNRI WKH
VWHHOJLUGHUDVIRUPZRUN$WWKHERWWRPWKHUHLQIRUFHGFRQFUHWHSODWHLVPZLGHDQGRQWRSLWLVPZLGH
7KLFNQHVVYDULHVIURPFPRQERWKRXWHUHGJHVWRFPLQPLGGHFN7KLFNQHVVRIFRQFUHWHVODERQWKHVSLUDOUDPS
YDULHVEHWZHHQFPRQERWKRXWHUHGJHVDQGFPLQPLGGHFN7KHSODWHFRPSOHWHO\ILOOVWKHWURXJKVKDSHGVWHHO
VHFWLRQDQGXVHVLWDVIRUPZRUN7KHFRQFUHWHVODELVWKLQQHULQWKHPLGGOHVRWKDWUDLQZDWHUFDQGUDLQDZD\IURP
WKH HGJH 7KH FRQFUHWH VODE LV PDGH IURP& FODVV FRQFUHWHZLWK DGGLWLYHV DJDLQVW VKULQNDJH DQG IRU EHWWHU
UKHRORJLFDOSURSHUWLHVRIFDVWFRQFUHWH5HLQIRUFHPHQWZLWKFRQFUHWHVODEDGGVDGGLWLRQDOUHVLVWDQFHDQGVWLIIQHVVWR
WKHORDGEHDULQJVWUXFWXUH
'HVLJQRIWKHQHZIRRWEULGJH
7KHIRRWEULGJHZDVGHVLJQHGDVDFRPSRVLWHVWHHOFRQFUHWHVWUXFWXUH,W LVFRPSRVHGRI WZRPDLQSDUWV WKDWDUH
VHSDUDWHGE\DQH[SDQVLRQMRLQW7KHILUVWSDUWLVWKHPORQJEULGJHFRQVWUXFWLRQRYHUWKH6DYLQMD5LYHUWKHORFDO
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URDGDQGWKH&LW\3DUN7KHVHFRQGSDUWLVDPORQJUDPSWKDWGHVFHQGVVSLUDOO\LQWRWKH&LW\3DUNRQWKHULJKW
VLGHRIWKHULYHU7KHRYHUDOOOHQJWKRIWKHQHZIRRWEULGJHLVP
7KHEHDULQJVWUXFWXUHRIWKHEULGJHLVFRPSRVHGRIDVWHHOJLUGHUDQGDWKLQUHLQIRUFHGFRQFUHWHVODERQWRS7KH
VWHHOJLUGHUDFURVVPORQJPDLQVSDQKDVDWUDSH]RLGDOFURVVVHFWLRQZLWKDYDULDEOHKHLJKWDQGLQFOLQHGZHEV
7KHFRQFUHWHVODEKDVDFRQVWDQWZLGWKRIPDQGPWKLFNQHVVDWWKHHGJHDQGPLQWKHPLGGOH7KH
VWHHOHOHPHQWVDUHPDGHRIVWHHO6-*FRQFUHWHVODELVPDGHRIFRQFUHWHFODVV&
3.1. Bridge construction 
7KHEULGJHFRQVWUXFWLRQLVGHVLJQHGDVDFRQWLQXRXVFRPSRVLWHJLUGHUDFURVVWKUHHVSDQV7KHPDLQVSDQLVP
ORQJDQGFURVVHVWKH6DYLQMD5LYHU$QDGGLWLRQDOPORQJVSDQFURVVHVWKHORFDOURDGDQGFRQWLQXHVPWRWKH
KLQJHGFRQQHFWLRQDW WKHH[SDQVLRQ MRLQWZKLFK LVRQHPHWHU DZD\ IURP WKH ILUVW FROXPQRI WKH VSLUDO UDPS7KH
RYHUDOOOHQJWKRIWKHEULGJHFRQVWUXFWLRQLVPPPORQJH[WHQVLRQWKDWLVFDVWLQWKHOHIWDEXWPHQW
(OHFWULFDOLQVWDOODWLRQVKDYHEHHQLQVWDOOHGZLWKLQWKHEULGJHFURVVVHFWLRQ

)LJ'PRGHORIWKHPORQJEULGJHFRQVWUXFWLRQ
7KHIRRWEULGJHLVIL[HGWRDSLOHGFRQFUHWHEORFNRQWKHOHIWEDQNRIWKHULYHUDQGLVVLPSO\VXSSRUWHGE\WZR
FRQFUHWH FROXPQV RI WKH DEXWPHQW RQ ULJKW VLGH RI WKH ULYHU 7KH VXSSRUWV RQ WKH FRQFUHWH FROXPQV DUH
ORQJLWXGLQDOO\PRYDEOHDQGODWHUDOO\UHVWUDLQHG7KHYHUWLFDOUHDFWLRQRQWKHILUVWFROXPQLVFRPSUHVVLYHDQGWKH
UHDFWLRQRQWKHVHFRQGFROXPQLVWHQVLOH7KHFRPSUHVVLYHDQGWHQVLOHUHDFWLRQVRQWKHFRQFUHWHFROXPQVDFWDVD
IRUFHFRXSOHZLWKPORQJOHYHUDUP7ZRSRWEHDULQJVWUDQVIHUYHUWLFDOFRPSUHVVLYHDQGODWHUDOUHDFWLRQVWR
WKHILUVWUHLQIRUFHGFRQFUHWHFROXPQ7KHWHQVLOHUHDFWLRQLVWUDQVIHUUHGWRWKHVHFRQGFRQFUHWHFROXPQZLWKWZR
VWHHOVZLQJOLQNEHDULQJV(DFKVZLQJOLQNEHDULQJLVDQFKRUHGWRWKHFRQFUHWHFROXPQZLWK[0VWHHOEDUV$Q
DGGLWLRQDOVWHHOVXEVWUXFWXUHPDGHRI+($ZDVDGGHGWRWUDQVIHUODWHUDOIRUFHVIURPWKHEULGJHFRQVWUXFWLRQ
WRWKHVHFRQGFRQFUHWHFROXPQ
7KHEULGJHFRQVWUXFWLRQRQ WKH OHIWEDQNRI WKH ULYHU LV LQFRUSRUDWHG LQWR WKHPDVVLYHFRQFUHWHEORFN WKDW LV
VXSSRUWHGE\ ILYHERUHGSLOHV9HUWLFDO WHQVLRQ DQG FRPSUHVVLYH UHDFWLRQVRQ WKH FRQFUHWHEORFNDFW DV D IRUFH
FRXSOH ZLWK D OHYHU DUP WKDW LV  P ORQJ 7KH VWHHO JLUGHU LV ORQJLWXGLQDOO\ DQG ODWHUDOO\ UHVWUDLQHG $W D
GLVWDQFHRIPIURPWKHHGJHWKHFRQFUHWHEORFNYHUWLFDOWHQVLRQUHDFWLRQLVDQFKRUHGZLWK[0VWHHOEDUV
WKDWDUHFRQQHFWHGWRDUHLQIRUFHGFRQFUHWHEHDPLQWKHFRQFUHWHEORFN

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 
)LJDVXSSRUWVLQDEXWPHQWRQOHIWVLGHRIDULYHUEVXSSRUWVRQWZRFRQFUHWHFROXPQVRQULJKWVLGHRIDULYHU
7KHVWHHOJLUGHUKDVDWUDSH]RLGDOFURVVVHFWLRQDFURVVWKHPDLQVSDQDQGDFURVVWKHORFDOURDGEHWZHHQWKHWZR
FRQFUHWHFROXPQV7KHKHLJKWRI WKHFURVVVHFWLRQ LV ORZHVWDW WKHVHFRQGFROXPQFDPDQGKLJKHVW LQ WKH
PLGGOHRIWKHPDLQVSDQFDP7KHWUDSH]RLGDOFURVVVHFWLRQLVZHOGHGIURPVWHHOSODWHV,WLVFRPSRVHGRIDQ
XSSHUIODQJHDQGDORZHUIODQJHDQGWZRLQFOLQHGZHEV$GGLWLRQDOLQQHUZHEVZHUHDGGHGQHDUDEXWPHQWVEHFDXVH
RIVKHDUODJ7KHZHEVRIWKHFURVVVHFWLRQDUHLQFOLQHGRXWZDUGVDWDQDQJOHRIDSSUR[LPDWHO\GHJUHHVIURPWKH
YHUWLFDOSODQH7KHVWHHOSODWHVRIWKHFURVVVHFWLRQDUHVWLIIHQHGZLWKORQJLWXGLQDODQGWUDQVYHUVHVWLIIHQHUVIRUORFDO
DQGJOREDO VWDELOL]DWLRQ ,Q WKH DUHDVZLWK ORZ FURVVVHFWLRQKHLJKW SODWHV LQ XSSHU IODQJH DUH DOVR XVHG DV D ORVW
IRUPZRUNIRUWKHFRQFUHWHVODE7KHXSSHUVWHHOIODQJHKDVDFRQVWDQWZLGWKRIPWKHZLGWKRIWKHORZHUIODQJH
YDULHV DORQJ WKH IRRWEULGJH DQG LVZLGHVWZKHUH WKH KHLJKW RI WKH FURVVVHFWLRQ LV ORZHVW QHDU DEXWPHQWV 3ODWH
WKLFNQHVVHV YDU\ DORQJ WKH IRRWEULGJH WKH\ DUH WKLFNHVW DW WKH DEXWPHQWV DQG WKLQQHVW LQ WKHPLGGOH VSDQ FURVV
VHFWLRQLVKLJKHVWLQWKHPLGGOHVSDQ7KLFNQHVVHVRIZHEVUDQJHIURPWRPPWKLFNQHVVHVRIIODQJHVUDQJH
IURPPPLQWKHPLGGOHRIWKHVSDQWRPPQHDUWKHDEXWPHQWV
7KHKHLJKWRIWKHFURVVVHFWLRQEHFRPHVYHU\ORZIURPWKHVHFRQGFRQFUHWHFROXPQWRWKHH[SDQVLRQMRLQW$WWKH
VHFRQGFRQFUHWHFROXPQWKHKHLJKWRIWKHFURVVVHFWLRQLVUHGXFHGWRP$WWKLVKHLJKWWKHWUDSH]RLGDOFURVV
VHFWLRQ EHFRPHV LPSRVVLEOH WR EH IDEULFDWHG 7KH KHLJKW RI WKH FURVVVHFWLRQ LV IXUWKHU UHGXFHG WRZDUGV WKH
H[SDQVLRQMRLQWZKHUH LW LVUHGXFHG WRP7KDW LVZK\ WKHXSSHUIODQJHRI WKHFURVVVHFWLRQKDVEHHQRPLWWHG
EHWZHHQWKHVHFRQGFRQFUHWHFROXPQDQGWKHH[SDQVLRQMRLQWDQGWKHFURVVVHFWLRQW\SHLVFKDQJHGIURPWUDSH]RLGDO
WRWKH8VKDSHGRQH7KH8VKDSHGFURVVVHFWLRQLVFRPSRVHGRIDERWWRPIODQJHDQGWZRZHEV,QVWHDGRIWKHXSSHU
IODQJH DGGLWLRQDO WZR P IODW ORQJLWXGLQDO VWLIIHQHUVZHUH DGGHG:HEV RI WKH FURVVVHFWLRQ DUH VWLOO LQFOLQHG
RXWZDUGVDWDQDQJOHRIDSSUR[LPDWHO\GHJUHHVIURPYHUWLFDOSODQH7KHZLGWKRIWKHORZHUIODQJHYDULHVDORQJWKH
EULGJHDQGLVZLGHVWZKHUHWKHKHLJKWRIWKHFURVVVHFWLRQLVORZHVWDWH[SDQVLRQMRLQW3ODWHWKLFNQHVVHVIRUZHEV
UDQJHIURPWRPPWKLFNQHVVHVRIVWHHOSODWHVIRUIODQJHVUDQJHIURPPPLQWKHPLGGOHVSDQWRPPQHDU
WKH VHFRQG FROXPQ 7KH ORZHU IODQJH LV ORQJLWXGLQDOO\ VWLIIHQHG ZLWK  [ ò ,3(  (YHU\  P WUDQVYHUVH
VWLIIHQHUVRIò,3(DUHDGGHG$IWHUWKHDVVHPEO\RIWKHVWHHOJLUGHUWKH8VKDSHGFURVVVHFWLRQZDVILOOHGZLWK
UHLQIRUFHGFRQFUHWH%HFDXVH WKH8VKDSHGFURVVVHFWLRQQHDU WKH VHFRQGFRQFUHWHDEXWPHQW LV VWLOO UHODWLYHO\KLJK
DQGWKHVHOIZHLJKWRIWKHEULGJHZRXOGEHWRRKHDY\DQDGGLWLRQDOORVWIRUPZRUNRIVWHHOSODWHVZDVPDGHDWWKLV
SODFHWRUHGXFHWKHVHOIZHLJKWRIDEULGJH
 
)LJDW\SLFDO8VKDSHGVWHHOFURVVVHFWLRQZLWKORVWVWHHOIRUPZRUNEW\SLFDOWUDSH]RLGDOVWHHOFURVVVHFWLRQ
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7KHVWHHOJLUGHUDQG WKHFRQFUHWHVODEDUHFRQQHFWHGZLWKĭPPVWXGVVKHDUFRQQHFWRUV6WXGZHOGLQJZDV
GRQHLQDZRUNVKRS&RPSRVLWHVWHHOFRQFUHWHVWUXFWXUHEHKDYLRUZDVDFKLHYHGZLWKWKHVKHDUFRQQHFWRUV
3.2. Spiral ramp 
7KHVSLUDOUDPSGHVFHQGVIURPWKHOHYHORIWKHGHFNRIWKHEULGJHFRQVWUXFWLRQDWWKHH[SDQVLRQMRLQWWRWKHJURXQG
OHYHO LQ WKH&LW\ 3DUN ,WZDV GHVLJQHG DV D FRPSRVLWH VWHHOFRQFUHWH JLUGHU RQ VOHQGHU VWHHO FROXPQV 7KH VSDQV
EHWZHHQ WKH FROXPQV DUH DERXW  P DQG DUH PDGH RI ĭ PP WXEHV ZLWK  PP WKLFN ZDOOV 7UDQVYHUVH
VWLIIHQHUVIRUERWWRPIODQJHDUHPDGHDERYHHYHU\FROXPQ
7KHVWHHOJLUGHUFURVVVHFWLRQKDVDFRQVWDQWKHLJKWRIPDQGKDVWZRRXWZDUGLQFOLQHGZHEVDWDQDQJOHRI
DSSUR[LPDWHO\GHJUHHVIURPWKHYHUWLFDOSODQH7KH8VKDSHGFURVVVHFWLRQLVZHOGHGIURPVWHHOSODWHVWKDWDUH
PPWKLFNDQGLVFRPSRVHGRIDERWWRPIODQJHWKDWKDVDFRQVWDQWZLGWKRIPDQGWZRZHEV7KHERWWRPIODQJH
LVORQJLWXGLQDOO\UHLQIRUFHGZLWK[PPVWLIIHQHUV(YHU\PWUDQVYHUVHVWLIIHQHUVRIò,3(DUHDGGHG
$IWHUWKHDVVHPEO\RIWKHVWHHOJLUGHUWKH8VKDSHGFURVVVHFWLRQZDVILOOHGZLWKUHLQIRUFHGFRQFUHWH&RPSRVLWH
EHKDYLRURI WKHVWHHOFRQFUHWHVWUXFWXUHZDVDFKLHYHGZLWKĭPPVWXGVVKHDUFRQQHFWRUV WKDWZHUHZHOGHGRQ
VLWH

 
)LJDH[SDQVLRQMRLQWEVSLUDOUDPS
$W WKH H[SDQVLRQ MRLQW WKH EULGJH FRQVWUXFWLRQ DQG WKH VSLUDO UDPS DUH FRQQHFWHGZLWK WZR SLQ EHDULQJVZLWK
HORQJDWHG KROHV )RXU  PP WKLFN VKHDU SODWHV ZHUH ZHOGHG RQWR WKH ODVW WUDQVYHUVH VWLIIHQHU RQ WKH EULGJH
FRQVWUXFWLRQ7ZR ORQJLWXGLQDO PP WKLFN VWHHO SODWHVZHUHZHOGHGRQ WKHERWWRP IODQJHRI WKH VSLUDO UDPS DV
VWLIIHQHUV7KHVWHHOSODWHVKDYHHORQJDWHGKROHVDWWKHMXQFWLRQ7KHVWLIIHQHUVDUHFRQQHFWHGZLWKWZRVWHHOSLQV7KH
FRQFUHWHVODEDWWKHH[SDQVLRQMRLQWLVFRQQHFWHGZLWKDZDWHUWLJKWH[SDQVLRQMRLQWV\VWHP0LJXWDQ0LJXD
7KHVWHHOVWUXFWXUHLWVHOIKDVDFULWLFDOILUVWQDWXUDOIUHTXHQF\IRUSHGHVWULDQLQGXFHGIRRWIDOOIRUFHVGXHWRZDONLQJ
RUMRJJLQJ7KHDGGLWLRQRIWKHFRQFUHWHVODEHQVXUHVDFFHSWDEOHEHKDYLRURIWKHEULGJHFRQVWUXFWLRQZKLFKGRHVQRW
FRPHLQUHVRQDQFHDQ\PRUH5HLQIRUFHPHQWZLWKFRQFUHWHVODEDGGVDGGLWLRQDOUHVLVWDQFHDQGVWLIIQHVVWRWKHORDG
EHDULQJVWUXFWXUH
3.3. Execution of the new bridge 
7KHIRRWEULGJHLVFRPSRVHGRIWZRPDLQSDUWVEULGJHFRQVWUXFWLRQDQGVSLUDOUDPSWKDWDUHFRQQHFWHGZLWKDQ
H[SDQVLRQMRLQW7KHEULGJHFRQVWUXFWLRQZDVDVVHPEOHGIURPVHYHQVWHHOVHJPHQWV$OOWKHVHJPHQWVZHUHIDEULFDWHG
DQGSUHDVVHPEOHGLQDZRUNVKRSDQGWKHQWUDQVSRUWHGWRWKHEXLOGLQJVLWH7KHOHQJWKRIHDFKVHJPHQWZDVOLPLWHG
WRP6L[VHJPHQWVZHUHZHOGHGRQWKHROGIRRWEULGJHZKLFKVWRRGQHDUWKHQHZIRRWEULGJH
D E
131 Gregor Gruden et al. /  Procedia Engineering  156 ( 2016 )  124 – 131 
$IWHUZHOGLQJWKHPORQJDQGWKHDY\VWHHOJLUGHUZDVOLIWHGDQGPRXQWHGZLWKWZRPRELOHFUDQHVRQH
RQHDFKVLGHRIWKHULYHU)LUVWO\WKHVWHHOJLUGHURQWKHOHIWDEXWPHQWKDGWREHDOLJQHGWRWKHFRQFUHWHEORFNSODQH
VRWKDWWKHSUHLQVWDOOHG0DQFKRUVFRXOGEHEROWHG7KLVZDVGRQHLQVXFKDZD\WKDWDPRELOHFUDQHRQWKHULJKW
VLGHWKHULYHUOLIWHGWKHVWHHOJLUGHUIRUDGGLWLRQDOP$WWKDWPRPHQWWKHVWHHOJLUGHURQWKHOHIWVLGHRIWKHULYHU
ZDVDOLJQHGWRWKHFRQFUHWHEORFNDQG0DQFKRUVFRXOGWKHQEHEROWHG:KHQWKHPRELOHFUDQHRQWKHULJKWVLGHRI
WKHULYHUORZHUHGWKHVWHHOJLUGHUWHQVLOHIRUFHZDVLQWURGXFHGWRWKH0DQFKRUVRQWKHOHIWVLGHRIWKHULYHU2QWKH
ULJKWVLGHRIWKHULYHUWKHFRQVWUXFWLRQZDVORZHUHGRQWRWHPSRUDU\VXSSRUWVRQWKHILUVWFRQFUHWHFROXPQ7KHKHLJKW
RI WKHWHPSRUDU\FRPSUHVVLYHVXSSRUWVZDVORZHUVRWKDWWKHVWHHOSODWHVIRUVZLQJOLQNEHDULQJVZHUHLQ WKHULJKW
SRVLWLRQ IRU ZHOGLQJ $IWHU WKLV WKH PRELOH FUDQHV ZHUH UHPRYHG DQG ZHOGLQJ WRRN SODFH :KHQ ZHOGLQJ ZDV
ILQLVKHG WKH VWHHOJLUGHURQ WKHFRPSUHVVHGFRQFUHWH FROXPQZKLFKZDV VWLOO RQ WKH WHPSRUDU\ZRRGHQ VXSSRUWV
ZDV OLIWHG WR LWV SODFH ZLWK K\GUDXOLF MDFNV 7KH WHPSRUDU\ VXSSRUWV ZHUH UHPRYHG DQG WKH SRW EHDULQJV ZHUH
LQVWDOOHG 7KHQ WKH ODVW VHYHQWK VHJPHQW ZDV ZHOGHG RQWR WKH VWHHO JLUGHU RQ VLWH 7KH VHYHQWK VHJPHQW ZDV
WHPSRUDULO\VXSSRUWHGZLWKDVXEVWUXFWXUHXQWLOLWZDVFRQQHFWHGWRWKHVSLUDOUDPSDWWKHH[SDQVLRQMRLQW
7KH VSLUDO UDPS ZDV DVVHPEOHG IURP VL[ VWHHO VHJPHQWV WKDW ZHUH DOVR IDEULFDWHG DQG SUHDVVHPEOHG LQ WKH
ZRUNVKRSDQGWKHQWUDQVSRUWHGWRWKHEXLOGLQJVLWH7KHVHJPHQWVZHUHWKHQZHOGHGRQVLWHDQGOLIWHGZLWKDPRELOH
FUDQHRQWKHVWHHOFROXPQVDQGWKHWHPSRUDU\VXSSRUWVWKDWKDGEHHQSUHSDUHG
7KHWZRPDLQSDUWVZHUHFRQQHFWHGDWWKHH[SDQVLRQMRLQW/RQJLWXGLQDOPPWKLFNVWLIIHQHUVRIDVSLUDOUDPSV
ZHUH IDEULFDWHGZLWK DQ DGGLWLRQDO OHQJWK DGMXVWHGRQ VLWH WR WKHSURSHU OHQJWK DQG WKHQZHOGHGRQWR WKHERWWRP
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